The pipeline quality natural gas of Titas Gas (TG) contains approximately 96.12% (mol/mol) methane. Fugitive emissions are unintentional leaks emitted from sealed surfaces or leaks from underground pipelines resulting from corrosion or faulty connections. Methane is a potent greenhouse gas effect next to carbon dioxide. Reducing methane emission is an essential step toward reducing global warming. Inventory data on methane emission from natural gas transmission and distribution system of TG is absent in open literature. The objective of this paper is to explore the problems generated by gas leaks and to quantify the leaked methane gas from the above-ground facilities of the existing system of TG. Economic and environmental impacts for such fugitive emissions are also critically examined. In this study, leaks were detected using soap screening techniques and the Gasurveyor 500 series instrument. Leaked gas was quantified using either the Hi-Flow gas sampler or a bagging measurements system. The results show that approximately 2.1% of the purchased gas is leaked from the above-ground facilities of TG. Total estimated emission is approximately 4.214 MMTCO2e per year that is approximately 4.74% of the total amount of methane emission from human activities and industrial methane production in Bangladesh during the year 2000. TG can save approximately USD 14.67 million per year by stopping these emissions. It is now a vital issue for TG to seize gas leakages for attaining the international standard of climate mitigation as well as upholding the image of TG.
Introduction
consumers in power, fertilizer, industrial, captive power, commercial, seasonal and domestic categories [7] of its franchise areas of Dhaka, Gazipur, Narayanganj, Narshindi, Brahmanbaria, Jamalpur, Sherpur, Netrokona, Kishoreganj, Tangile, Mymenshingh, Netrokona and Munshiganj district. TG transmits and distributes around 74% of country's total consumption. Presently, TG's system is receiving gas from Titas, Habiganj, Narsingdi & Bakhrabad Gas Fields under Bangladesh Gas Fields Co. Ltd. and from Rashidpur, Kailashtila, Beanibazar Gas Fields under Sylhet Gas Fields Co. Ltd. and Jalalabad Gas Field of Oxydental/Unicol. TG is 75% owned by the government, with the remainder owned by public shareholders. It serves 1,535,592 customers (1,519,124 domestic; 10,530 commercial; and 5,938 industrial including CNG, power, fertiliser) and accounts for more than 70% of gas distribution in Bangladesh [8] .
Mandal in 2013 [8] discovered that TG currently has no advanced leak detection and repair (LDAR) program to detect, measure and repair leaks like developed country. Inefficient biological methods are used to detect gas leakage. All under-ground distribution networks and facilities in the TG are cathodically protected. Though TG has a cathodic protection (CP) maintenance schedule, it does not have planned LDAR schedule. Gas leak repairing activities are implemented only to meet safety requirement of Prakitik Gas Nirapatta Bidhimala, 1991-revised in 2003 [9] . These regulations are failed to provide exact safety specification. The company operates emergency team dedicated 24 hours a day to cover the emergency situations (e.g. customer call-outs). Thus existing procedures are only detecting a minority of leaks occurring in the system. It is no doubt that the system has a lot of leakages, most of them are undetected. TG can not only fail to detect all leakages found in their systems but also fail to quantify the same.
The objective of this paper is to explore the problems generated from gas leak and quantify the leaked methane gas from the above ground facilities of the existing system of TG. In addition, economic and environmental impacts for such fugitive emissions are also critically examined.
Materials and methods

Leak detection technology
Leak detection and repair have become increasingly critical to the safe and reliable delivery of gas and to protecting the environment. Different leak detection methods ranging from manual inspection to advanced satellite based hyperspectral imaging are applied to monitor the integrity of a gas pipeline [8, 10] . Broadly speaking they can be classified into three categories as biological methods, nonoptical methods and optical methods [8] . In this study, leaks were detected using soap screening and catalytic oxidation/therma l conductivity detectors, Gasurveyor 500 series instrument, a most flexible range of gas detectors developed by Gas Measurement Instruments Ltd. (GMIL).
Soap screening technique ( fig. 1(a) ) is used to detect the exact location [11] of a leak on an exposed gas pipe, on the riser, on the meter, on valves and piping joints. A soap solution specifically designed for gas pipelines is brushed or sprayed on and the location of bubbling indicates leakage [8] . The Gasurveyor™ 500 Series ( fig. 1(b) ) made by GMIL, United Kingdom is a highly flexible, electronic portable gas detector designed as per latest standards and is certified for use in hazardous areas. The detector has liquid-crystal display (LCD) screen with automatic backlighting, audio, visual and fault alarms and are one of the state-ofthe-art gas detectors. 
Leak measurement technology
Two well-known leak measurement technologies, Hi-Flow gas sampler, a portable device developed by Gas Research Institute (GRI), and bagging measurements technology were used in this study. Bagging measurements ( fig. 2(a) ) are accurate but are too expensive and time consuming to measure every leak at a facility. In this method, the leaking component is wrapped with a non-permeable material (such as Tedlar or Mylar) and a clean purge gas (such as nitrogen) sweeps through the enclosure at a measured flow rate. Vacuum bagging may also be performed. For the case of methane the leak rate from the component can be calculated from the purge flow rate through the enclosure and the concentration of methane in the outlet stream as follows: ,
where, leak rate of methane from the enclosed component (scfm); the purge flow rate of the clean air or nitrogen (scfm) and the measured concentration of methane in the exit flow (%)
The Hi-Flow gas sampler ( fig. 2(b) ) supplied by Heath Consultants were used. It captures all the emissions from a leaking component to accurately quantify leak emissions rates. Leak emissions, plus a large volume sample of the air around the leaking component, are pulled into the instrument through a vacuum sampling hose. A dual-element hydrocarbon detector (catalytic-oxidation/thermalconductivity) measures hydrocarbon concentrations in the captured air stream ranging from 0.01 to 100 percent. Sample measurements are corrected for the ambient hydrocarbon concentration, and mass leak rate is calculated by multiplying the flow rate of the measured sample by the difference between the ambient gas concentration and the gas concentration in the measured sample. HiFlow samplers' measure leak rates up to 10.5 cubic feet per minute, with the accuracy of calculated leak rate of ± 5%. The leak flow rate of natural gas is calculated as follows: (2) where, leak rate of natural gas from the leaking component (l/min of scfm), the sample flow rate of the high flow rate sampler (l/min of scfm), the concentration of natural gas in the sample flow (%) and the concentration of natural gas in the background (%). 
Results and discussion
This paper is organized as follows. First, atmospheric methane sources and sinks are described. Second, sources of gas leak are identified. Third, volumes of gas leak from the above ground facilities of TG are quantified. Finally, economic and environmental impacts for such fugitive emission are also critically examined
Atmospheric methane sources and sinks
Carbon dioxide (CO 2 ) is the primary and methane (CH 4 ) is the secondary greenhouse effect gas. Carbon dioxide currently makes up roughly 400 ppm (equivalent to 0.04%) of earth's atmosphere and is increasing about 2 ppm per year [12] . Though atmospheric concentrations of methane are much lower than that of carbon dioxide, totalling less than 2 ppm [12] , its global warming potential (GWP) is 25 times higher than that of CO 2 over a 100-year time horizon [13, 14] , and even higher on a shorter time span (table 1) . The composition of natural gas [15] Atmospheric methane sources that are displayed in fig. 3 can be grouped into two categories: biogenic methane sources and non-biogenic methane sources. Biogenic sources contain CH 4 -generating microbes (methanogens), and comprise anaerobic environments. Methane is also produced by the incomplete combustion of biomass and soil carbon during wildfires, and of biofuels and fossil fuels known as Pyrogenic process. Non-biogenic methane is produced through Thermogenic 
Gas leakage
Natural gas releases to the atmosphere through fugitive, vented and combusted emissions. Fugitive emissions are unintentional leaks steadily from pipeline and system components (such as compressor seals, pump seals, valve packing and flange gaskets). Vented emissions are intentional unsteady state releases from equipment blow-down for maintenance, releases from emergency depressing from safety valves and station emergency blow-down, direct venting of gas used to power equipment (such as pneumatic valves), or accidental releases due to mishaps (such as pipeline dig-ins). Combusted emissions refer to methane that enters the atmosphere due to the incomplete combustion of natural gas, such as methane in compressor engine exhaust, methane from flare stacks and burners. Most of the pipes installed worldwide prior to the 1950s were cast iron [16] and cast iron distribution pipelines experienced potential leakage around the world. Greenpeace (GP) [17] study revealed that approximately 5.3 to 10.8 percent of the gas flowing through Britain's natural gas pipes is leaking each year. The EPA in 1997 [18] estimated that approximately 1.4 percent (±0.5%) of all gas that travels through pipes in the US was emitted. Of all the methane released by industry in US, 20% of methane comes from the natural gas sector. In the same report, the EPA stated that of the methane released by the natural gas industry, 37% comes from transmission/ storage, 24% comes from distribution and 27% during production. USEPA estimates place global leakage of methane at 3 trillion cubic feet annually [19] , or 3.2% of global production. Howarth et al. in 2012 [20] have calculated that 2.2 to 3.8 per cent of shale gas leaks out at the well site and an additional 1.4 to 3.6 per cent leaks during transport, storage and distribution.
Thousands of unreported leaks are turning up under the underground gas pipeline of TG. Leaks in the distribution system were caused by normal component wear, thermal and vibrational stresses and seasonal expansion/contraction cycling from ambient air temperature changes. Natural gas leaks occurred through various sources including, ball/gate/plug valves, flanges, and connectors. Many of these components were not routinely checked under existing safety practices of TG. The company operators lack the advanced leak detectors and trained workers to identify chronically leaking components accurately measure the leak rates and make reliable repairs of the leaks.
Fugitive emission from distribution network of TG
TG has been constructed 12,207.38 km pipelines under the ground at different sizes since its date of incorporation, November 20, 1964 [15] . Above ground facilities of TG comprises CGS, TBS/DRS, and industrial/commercial/residential RMS. No compressor station is present in TG Franchise Area. Table 3 shows the gas leakage at different part of above ground facilities of TG. The leak rate in TBS/DRS was the highest amongst others. But leak volume in residential RMS was high (87.36%) as the number of residential RMS was extremely high. TG was sold 13,600.96 MMCM natural gas in the fiscal year 2011-2012. This study showed that total volume of leaked gas was 281.51 MMCM per year. The percentage of gas leak from gas distribution system of Moldova and different distribution companies of USA were 5.00 and 2.62 respectively [21, 22] . Approximately 2.10% of sold gas was leaked from above ground facilities of TG. This amount is less than the other distribution companies of the world as this study was considered above ground leaks only. But many reported and unreported leakage were observed in the underground facilities of TG throughout the year. If this un-quantified gas leakage is quantified, the percentage of gas leak will be remarkably high.
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Economical and environmental effects
Cathles in 2012 [23] showed that substitution of natural gas reduces global warming by 40% of that which could be attained by substitution of zero carbon energy sources, wind, solar, nuclear. While the main source of atmospheric methane is natural or agriculture source, a large increase in atmospheric methane from natural gas production. Natural gas burns with fewer carbon dioxide emissions than other fossil fuels, coal and petroleum oil. When un-combusted methane leaks into the atmosphere from wells, pipelines and storage facilities, it acts as a powerful greenhouse gas and decline the benefit of natural gas. Methane in the atmosphere is eventually oxidized, producing carbon dioxide and water. An average molecule of CH4 lasts around eight to nine years before it gets oxidized into carbon dioxide (CO 2 ) and water (H 2 O) [24] . This breakdown accounts for the decline in the global warming potential of methane over longer periods of time. Methane concentrations have more than doubled over the last 150 years [24] .
Methane gas emissions have a richer warming effect on climate than has been previously reported. Methane emission in Bangladesh from human activities such as agriculture and from industrial methane production was 103.080 MMTCO 2 e during the year 2010 [25] . Table 4 reveals that Russia was the highest methane emitter from gas industry. Among the segments of gas industry, methane emission from gas distribution segments was the highest in USA. Total estimated fugitive emission from above ground facilities of TG was approximately 4.214 MMTCO 2 e per year (table 3) that was approximately 4.09% of the total methane emission from human activities. The current weighted average of gas price of Bangladesh was approximately BDT 4.17 per cubic meter. The total volume of gas emitted as fugitive was close to 281.51 MMCM per year whose price is approximately USD 14.67 million. Thus, TG can save approximately USD 14.67 million annually by stopping these emissions. : GP, Gas Production; GV, Gas Venting; GF, Gas Flaring; GPG, Gas Processing; GT, Gas Transmission; GD, Gas Distribution.
Conclusion
Gas leakage from pipelines can be controlled to the acceptable range as it can cause major human injuries, financial losses and environmental pollution. Methane is emitted at the earth surface by a variety of biogenic and non-biogenic sources. The 90% of atmospheric methane is destroyed in the troposphere and the rest of the sink is due to stratospheric oxidation and an uptake of methane by soils. Approximately 281.51 MMCM gas is releasing on yearly basis from above ground facilities of TG. The company can also get economic benefits annually by capturing and selling leaked natural gas. Additionally, better emissions data are needed to confidently evaluate the risks of natural gas operations to health and climate and to effectively manage operations. TG needs to modify their existing gas regulations by incorporating modern LDAR program to boost gas leak.
